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Description 



Detailed Description nf the Invention 

This invention relates to a resin composition for three-dimensional object by optical stereolithography a method of 

' • ^"T nS ' 0nal ° bjeCl USin9 tHe ""»■ and 3 ^'dimensional object obtained She" "a^More 
specrfcally .t relates to a res.n composition for producing a colored three-dimensional object which has ^cellent 
d,men S1 onal accuracy and shape stability and physical and mechanical properties typified by hardness tens eSeS 

oScfsS 

optica shaping speed and .n a good product.vity; to a method of optically producing a colored three-dimensional object 
us,ng the same, and to a colored three^imensional object obtained from ttie same ree-oimensional object 

• / S ?T! stereolithoara P h y technology, JP-A 55-144478 (the term "JP-A" as used herein means an "unexam- 
ined pubhshec Japanese patent application-, discloses a so-called optica, stereolithograpny for pSno » ™ 
d-mens-onal object, wh.ch comprises the steps of suppiying a required amount of control.eo l£x£% 0 a tou« 
laveMrrari'af J? " " t0 2T r ^ ' *'*" SUPP ' yin9 3 ,iquid P^-curable resinon the topof he cured 
r'Zlht 1, H reS '? ""I" 9 ' 11 Und6r CBW 10 CUre " int0 a thin ,a ' er 10 be ***** on the cured layer and 

Z SSSC JpT 6 Xll r 3 ? ree ' di r Si0na ' ° bjeCt ^ A b3SiC PraCtiCal a ^ ication ^hJthereof 
h u 60-247515. and s.nce then, a large number of other proposals on the optical stereolHhographv 
technolog.es have been made by JP-A 62-35966. 1-204915, 1-213304. 2-28261, 2-80422 2-80423 2 13925 2 

Ta^LVfTfT 32 - 3 - 41126 - 3 - 201364 - 5 - 5004 - 5 279436 ' 6 - 19962 ' »5i52 ' 

the steosSdT^? ! ^f? 3 * re ^™™°™' object is generally employed a method comprising 
he steps of .rradmtmg a hquid surface of a liquid photo-curable resin composition kept in a container with ultraviolet 

laser beams selectively under the control of a computer so as to obtain a desired pattern to cure it to a MmEZi 

thickness, supping the Hquid photo-curable resin composition in an amount enough to toJ^^SSS'S 
op of the cured layer, .rrad.at.ng it with ulfravio.et laser beams likewise to cure the resin so as to form a co^^^ 

£S£fFl ^ reP f!! n9 thiS ' aminati0n procedure un,il a three-dimensional object having a fS shie is 

i Ca ?; -T 'I 6 Sh3Pe °' <he m0de ' iS t0 ° w * a desired three^imensional object can be^ro 
duced eas..y ,n a relatively short period of time. Therefore, this method has been attracting much attertion in recent 

In recent years, three<Jimensional objects obtained by the optical stereolithography have been developed from 

%£2ZZ^!E^h app ; cations such as ,est mode,s ' prototypes or the ,ike ^ w « h S*5S5S^I 

i» nfrhT„ '!? ' ? b ! e " reqU ' red t0 have hi9h dime "sional accuracy, excellent shape stability and excel 
dilnin^S '? addrti ° a *** " Wl devel °P™t of application and expansion of demand for See- 

dimens.onal objects by optical stereohthography. colored three-dimensional objects by optical stereolithography whXi 
give a mass.ve .mpress.cn and are colorful and also have the above excellent propertes or, dependTonTn^liS 
Sema^ three " d,mens ' ° nal by optica, stereolithography having light-shielding properties are now Seat 

On the other hand, as for synthetic resin molded products obtained by an ordinary molding method such as iniec 

of coloring molded products or .mprovmg mechanical strength of molded products. In this case, a pigment is general 
added ,n an amount of several percents to several tens percents. based on the weight of a synt^efc resW ' 
Accordingly, to obtam a colored three-dimensional object which gives a massive impression and is colorful or a 

SlSS^S? T* li9h " Shieldin9 Pr ° PerteS ' il iS ronC6ivaUe »* 0PticTs3ithogri is car^ 

Zl Jmolgs 9 3 P ' 9 t0 9 Ph0t °- Curable resin "WHan like the above-described oXry synthetic 

However, as described above, the production of a three-dimensional object by optical stereolithograohv is aenerallv 
earned out by .rrad.ating the liquid surface of a liquid photo-curable resin composL wHh ZSSSS^!^ 

he l.qu,d res,n composition .n an amount enough to form one layer thereof to the top of the cured layer irradiatino Z 
res.n w.th ultraviolet laser beams likewise to cure the resin so as to form a continuous cured laye and' epeat n £ 

ment to a photo-curable resin composition, so that the pigment would absorb optica) energy the curino of the resfn 

o e t p ; k T T an ? th T' ma , speed would be reduced - ,hereby TOkin9 rt difficulf to p^aZSiSS 

object or taking a long fane to produce a three-dimensional object with the result of a reduction in productivity 

nin H T° re ' ,? I 6 '" 9enera " y considered that insufficient photo-curing would be caused by the addition of the 

P.gment and as a result, there would occur deterioration in dimensional accuracy, shape stability mechanical vmZ 

To^oZZ^^T^' a,th °l h C °' 0red three - diman ^' object by optica. JSSSSiZSZ 
m great demand, optical shapmg upon adding a pigment to a photo-curable resin composition has not been imp I 
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mented so far and conventional three-dimensional objects by optical stereolithography are transparent or translucent 
products containing no pigment, have poor light-shielding properties and do not give a massive impression and are not 
colorful. 

It is therefore an object of the present invention to provide a resin composition for a colored three-dimensional 
5 object by optical stereolithography. 

It is another object of the present invention to provide a resin composition for producing at a high shaping speed 
and in a good productivity a colored three-dimensional object by optical stereolithography, which has high dimensional 
accuracy and good dimensional stability, excellent mechanical and physical properties such as hardness, tensile 
strength and elastic modulus in tension as well as light-shielding properties, gives a massive impression and is colorful. 
10 It is a further object of the present invention to provide an optical stereolithography which is capable of producing a 
colored three-dimensional object having the above excellent properties at a high shaping speed and in a good produc- 
tivity. 

It is still another object of the present Invention to provide a colored three-dimensional object produced as 
described above. 

75 Other objects and advantages of the present invention are obvious from the following description. 

According to the present invention, firstly, the above objects and advantages of the present invention are achieved 
by a resin composition for three-dimensional object by optical stereolithography, which comprises a photopolymerizable 
compound, a photopolymerization initiator and a colorant, the photopolymerization initiator being contained in an 
amount of 0.1 to 10 % by weight, the colorant in an amount of 0.05 to 0.5 % by weight and the photopolymerizable com- 

20 pound in an amount of the balance, based on the total weight of these components, and which . is liquid at normal tem- 
perature. 

That is, the inventors of the present invention. have conducted studies to attain the above objects and as a result, 
have found the following fact. Namely, when a colorant (pigment in particular) which has been heretofore considered to 
deteriorate the physical properties of a three<iimensional object by optical stereolithography or to decrease optical 

25 shaping speed by impeding the photo-curing of a resin composition for three-dimensional object by optical stereolithog- 
raphy due to the absorption of optical energy when it is incorporated into the composition, is added in a specific amount 
much smaller than the amount used in a conventional ordinary molding method which is not an optical shaping method, 
to prepare a resin composition for three<iimensional object by optical stereolithography, and optical stereolithography 
is carried out using it, a colored three-dimensional object by optical stereolithography, which has excellent mechanical 

30 and physical properties such as dimensional accuracy, shape stability, tensile strength and elastic modulus in tension 
as well as light-shielding properties, gives a massive impression and is colorful can be produced at an optical shaping 
speed as high as that of conventional optical shaping without impeding the photo-curing of the resin and in a good pro- 
ductivity. Thus, the resin composition for three-dimensional object by optical stereolithography of the present invention 
has been achieved by this finding, 

35 In the ordinary synthetic resin moldings produced by a general molding method such as injection molding or extru- 
sion molding, when a pigment for coloring is added in an extremely small amount of 0.05 to 0.5 % by weight, desired 
colored moldings cannot be obtained smoothly in many cases. Hence, the pigment is generally added in an amount of 
several percents to several tens of percents as described above. Therefore, it was quite unexpected that by containing 
a colorant in an extremely small amount of 0.05 to 0.5 % by weight in the present invention, there was obtained a well- 

40 colored three-dimensional object by optical stereolithography which gave a massive impression, was colorful and had 
excellent light-shielding properties without impairing excellent mechanical and physical properties such as dimensional 
accuracy, shape stability, tensile strength and elastic modulus in tension of the three-dimensional object by optical ster- 
eolithography, while maintaining a high opticat shaping speed. 

The resin composition for three-dimensional object by optical stereolithography of the present invention comprises 

45 an photopolymerizable compound, an photopolymerization initiator and a colorant. 

Any photopolymerizable compounds which have been conventionally used in this technical field may be used as 
the photopolymerizable compound. Illustrative examples of the photopolymerizable compound include acrylate com- 
pounds, epoxy acrylate compounds, urethane acrylate compounds, epoxy compounds and vinyl ether compounds. 
These compounds may be used alone or in combination of two or more. 

so As the photopolymerization initiator, a photo-radical initiator, a photo-cationic polymerization initiator or a combina- 
tion thereof, for example, may be used. A suitable one is selected from these photopolymerization initiators according 
to the kind of the photopolymerizable compound. 

Preferred examples of the photopolymerizable compound used in the present invention are as follows. 

55 (1) Examples of the acrylate compounds are mixtures comprising monofunctional or polyfunctional polyester 
(meth)acrylates or polyether (meth)acrylate as an essential component and a monofunctional (meth)acrylate mon- 
omer or a polyfunctional (meth)acrylate monomer as required. In this case, a photo-radical polymerization initiator 
is preferably used as the photopolymerization initiator. 
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2) Examples of the epoxy acrylate compounds are mixtures comprising a monofunctional or polyfunctional epoxy 
meth)acrylate as an essential component and a monofunctional (meth)acrylate monomer or a polyfunctional 
(meth)acrylate monomer as required. In this case, a photo-radical polymerization initiator is preferably used. 

(3) Examples of the urethane acrylate compounds are mixtures comprising a monofunctional or polyfunctional ure- 
thane (meth)acrylate as an essential component and a monofunctional (meth)acrylate monomer or a polyfunc- 
tional (meth)acrylate monomer as required. In this case, a photo-radical polymerization initiator is preferably used 

(4) Examples of the epoxy compounds are mixtures comprising at least one member selected from aliphatic die- 
poxy compounds, alicyclic diepoxy compounds and aromatic diepoxy compounds as an essential component and 
a monofunctional (meth)acrylate monomer or a polyfunctional (meth)acrylate monomer as required. In this case, a 
photo-cationic polymerization initiator is preferably used. 

(5) Examples of the vinyl ether compounds are aliphatic divinyl ether compounds, alicyclic divinyl ether compounds 
and aromatic divinyl ether compounds. In this case, a photo-radical polymerization initiator is preferably used. 

(6) Examples of mixtures of different compounds are mixtures comprising at least two members selected from the 
group consisting of acrylate compounds, urethane acrylate compounds and epoxy acrylate compounds In this 
case, a photo-radical polymerization initiator and, as required, a photo-cationic polymerization initiator are prefera- 
bly used. 

The compounds (1) to (3) and (6) are described in extremely many publications and any one of these can be used 
in the present invention. The above epoxy compound (4) is described in JP-A 2-28261. for example, and some of the 
vinyl ether compounds (5) are disclosed in JP-A 2-36925. R.J. Brautigam. S.C.L appln, and J.R. Snyder (1990) 
Radtech -90 Conf. Papers. Radtech Intl.. Chicago, but, it is needless to say that the present invention is not limited to 
these compounds. 

The disclosures of JP-A 2-28261 , JP-A 2-36925 and Radtech '90 Conf. Papers. Radtech Intl.. Chicago are herein 
incorporated by Referential. 

In.the present invention, mixtures comprising an urethane acrylate compound (3), an epoxy compound (4) or a mix- 
ture containing an urethane acrylate compound out of the above mixtures (6) are preferably used as the photopolymer- 
izable compound. 

Further, the following compound proposed by the present inventors in JP-A 8-146790 can be also used as an ure- 
thane acrylate compound (3). 

That is, the compound is a mixture comprising at least one compound selected from the group consisting of ure- 
thane acrylate compounds represented by the following formula (I): 



R 1 



H 



! ii ? 3 ~ a r 9 9 T 

( CH2=C-C-0-CH 2 -) r c-0-|-C-f -j^C-N 



-A 1 •••(!) 



wherein R 1 is a hydrogen atom or a methyl group, a is 1 or 2; A 1 is a divalent or trivalent unsubstituted or substituted 
hydrocarbon group; b is an integer of 3 to 6; c is an integer of 3 to 14; and d is 2 or 3; provided that when a is 2 at 
least one R is a methyl group, 



urethane acrylate compounds represented by the following formula (II) 

f? - ? 3 - ,f . ?Tl 

A • • . ( II ) 



(CHrC-C-O-CH^-O^CH-CH-O^-N^-i 



wherein R 2 and R 3 are independently a hydrogen atom or a methyl group; e is 1 or 2; A 2 is a divalent or trivalent 
unsubstituted or substituted hydrocarbon group, f is an integer of 4 to 20; and g is 2 or 3; provided that when e is 
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2, at least one R 2 is a methyl group, 
and urethane acrylate compounds represented by the following formula (III): 



R 4 0 
II 



CH2=C-C-0-fcH-CHrO 



O H , 
\ II I 1 



(in) 



10 



wherein R 4 and R 5 are independently a hydrogen atom or a methyl group; A 3 is a divalent or trivalent unsubstituted 
is or substituted hydrocarbon group; h is an integer of 4 to 20; and j is 2 or 3, 

and a radical polymerizable compound other than these urethane acrylate compounds. In this case, the weight ratio of 
the former urethane acrylate compound to the latter radical polymerizable compound is advantageously 80:20 to 10:90. 
In the present invention, any organic and/or inorganic dyes and pigments which can color a three-dimensional 
20 object by optical stereolithography can be used as the colorant. They may be used alone or in combination of two or 
more as the colorant. 

Inorganic pigments, particularly white, black or other colored inorganic pigments are preferably used as the color- 
ant. Inorganic pigments usable in the present invention include carbon black; lead pigments such as white lead and red 
lead: titanium pigments such as titanium white and titanium black; cobalt pigments such as cobalt blue, cobalt green, 

25 cerulean blue and cobalt violet; iron pigments such as loess, red iron oxide, Prussian blue and sienna; chromium pig- 
ments such as chromium oxide, chrome yellow and viridian; manganese pigments such as mineral violet; copper pig- 
ments such as emerald green; vanadium pigments such as vanadium yellow and vanadium blue; sulf ide pigments such 
as cadmium yellow and ultramarine; selenium compound pigments such as cadmium red; and the like. 

The colorant may be dissolved or not dissolved in an photopolymerizable compound. If one of the above-described 

so inorganic pigments which are not dissolved in a photopolymerizable compound is used as the colorant, the average 
particle diameter of the pigment is preferably not more than 10 ^m, more preferably not more than 1 jim, from the view- 
points of uniform dispersibility and color development. 

In the present invention, carbon black is particularly preferably used as the colorant. The carbon black preferably 
has an average particle diameter of 200 to 1 ,000A and a pH of 7 to 8. When the carbon black is used, a three-dimen- 

35 sional object by optical stereolithography which gives a massive impression and has light-shielding properties can be 
obtained. The resin composition for three-dimensional object by optical stereolithography of the present invention which 
contains carbon black can be effectively used for optically shaping bodies for optical products such as cameras, micro- 
scopes, binoculars, telescopes and other optical measuring instruments, other parts and prototypes. 

When the carbon black has an average particle diameter of not more than 200A, it well develops colors advanta- 

40 geously but is of great bulk, thereby making it difficult to handle it. When the carbon black has an average particle diam- 
eter of not less than 1 ,000A, it is difficult to develop colors. When pH is outside the range of 7 to 8, color development 
properties are liable to deteriorate. 

In the present invention, the colorant is contained in an amount of 0.05 to 0.5 % by weight based on the total weight 
of the photopolymerizable compound, photopolymerization initiator and colorant. 

as When the amount of the colorant is less than 0.05 % by weight, it is difficult to color a three-dimensional object and 
hence, a three-dimensional object which gives a massive impression, is colorful and has light-shielding properties can- 
not be obtained. On the other hand, when the amount is more than 0.5 % by weight, the curing speed of the resin com- 
position at the time of optical shaping becomes slow, thereby reducing the optical shaping speed and productivity. In an 
extreme case, photo-curing is impeded and optical shaping becomes impossible. In addition, even when a three-dimen- 

so sional object is obtained, the obtained three-dimensional object undergoes deterioration in mechanical properties, 
dimensional accuracy and dimensional stability, making it of no utility value. 

The amount of the colorant is preferably 0.05 to 0.3 % by weight, more preferably 0.1 to 0.2 % by weight. 
In the present invention, a photo-radical initiator or a photo-cationic polymerization initiator is advantageously used 
as the photopolymerization initiator as described above. 

55 Preferred examples of the photo-radical initiator include 2,2-dimethoxy-2-phenylacetophenone. diethoxyacetophe- 
none, acetophenone, 3-methylacetophenone, 2-hydroxymethyl-1-phenylpropane-1-one, 4'-isopropyl-2-hydroxy-2-pro- 
piophenone, 2-hydroxy-2-methyl-propiophenone, p-dimethylaminoacetophenone, p-t-butyldichloroacetophenone, p-t- 
butyltrichloroacetophenone, p-azidobenzalacetophenone, 1-hydroxycyclohexylphenyl ketone, benzophenone, methyl 
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o-benzoyl benzoate. Michler's ketone, 4.4'-bisdiethylaminobenzophenone. xanthone, fluorenone. benzaldehyde 
antnraquinone, triphenyfamine, carbazole and the like. ' 

When a compound having a cationic polymerizable group such as an epoxy group as well as a radical polymeriz- 
awe group is used as the photopolymerizable compound, a photo-cationic polymerization initiator may be used in con- 
H!U?°>J^ a ?° V ? pnot °- radical Polymerization initiator. In this case, the photo-cationic polymerization initiator is 
not limited to a particular kind and conventionally known ones can be used. 

♦h w ! am0 u 4 nt .I* 8 P h0to P 0| y meri2ati0n initiator is 0.1 to 10 % by weight, preferably 1 to 5 % by weight based on 
the total weight of the photopolymerizable compound, photopoiymerization initiator and colorant 

The photo-curable resin composition of the present invention may contain a leveling agent, surfactant, organic pol- 
ymer modifier, organic plasticizer, and organic or inorganic filler. 

The resin composition of the present invention is liquid at normal temperature, preferably at 25°C 
Since it is liquid at normal temperature, the resin composition of the present invention can be advantageously used 
for optical stereolithography. 

The liquid resin composition of the present invention preferably has a viscosity of 1 to 1 .000 poise at 25°C 

A method of preparing the resin composition for three-dimensional object by optical stereolithography of the 
present invention and a method of mixing the same are not particularly limited. The resin composition for three-dimen- 
s.onal object by optical stereolithography of the present invention can be prepared and mixed in accordance with con- 
ventionally known methods. For example, a photopolymerizable compound is prepared according to a conventional 
method, a photo-curable resin composition is produced by adding a photopolymerizable compound thereto in a light- 
screened atmosphere, particularly in ultraviolet light-screened atmosphere, an resin composition for three-dimensional 
object by optical stereolithography is prepared by adding a colorant to the resin composition into a light-screened 
atmosphere, and the obtained resin composition for three-dimensional object by optical stereolithography is preserved 
distributed and marketed while light is screened so as to not cause polymerization. 

The resin composition for three-dimensional object by optical stereolithography of the present invention can be also 
produced by preparing a masterbatch containing a colorant in a high concentration and mixing it with a photopolymer- 
izable compound and a photopoiymerization initiator as required. This method using a masterbatch is particularly pre- 
ferred to develop colors effectively. 

When the resin composition for three-dimensional object by optical stereolithography of the present invention is put 
into a light-shielding container produced from polyethylene or the like and preserved at a temperature of 5 to 30°C the 
physical properties and the like of the resin composition do not undergo deterioration even after about 36 to 48 months 
of preservation When it is taken out from the container and optically shaped after such long-term preservation a 
desired colored three-dimensional object which has excellent dimensional accuracy, dimensional stability, mechanical 
properties and light-shielding properties, gives a massive impression and is colorful can be produced at a high optical 
shaping speed and in a good productivity. 

When optical stereolithography is carried out using the resin composition for three-dimensional object by optical 
stereolithography of the present invention, any conventional known optical stereolithography methods and apparatuses 
can be used. 

That is, according to the present invention, there is provided a method of producing a three-dimensional object 
which compnses irradiating the resin composition of the present invention in a mold with light to cure it thereby to form 
a three-dimensional object. 

In the present invention, active energy beams generated from an Ar laser, He-Cd laser, xenon lamp, metal halide 
lamp, mercury lamp or fluorescent lamp are preferably used as optical energy for curing the resin. Out of these laser 
beams are particularly preferred. When laser beams are used as active energy beams, shaping time can be shortened 
by increasing energy level and yet a colored three-dimensional object having high shaping accuracy can be obtained 
by utilizing the high convergence of laser beams. 

Stated more specifically, the production method of the present invention is preferably a method comprising the 
steps of irradiating the liquid resin composition for three-dimensional object by optical stereolithography of the present 
invention with active energy beams selectively so as to form a cured layer having a desired pattern, supplying an 
uncured liquid composition to the top of the cured layer, irradiating it with active energy beams likewise to newly form a 
cured layer continuous to the above cured layer, and further repeating this lamination procedure to obtain a desired 
three-dimensional object in the end. The obtained three-dimensional object can be used directly or after post-curing by 
irradiation with light or post-curing by heating to further enhance the mechanical properties and shape stability thereof 

The structure, shape and size of the three-dimensional object are not particularly limited and may be determined 
according to application thereof. A typical application field of the optical stereolithography of the present invention is the 
production of models for verifying outer appearance designs in the course of design, models for checking the function- 
ality of parts, base models for producing resin molds or metal molds for the fabricating casting molds and direct molds 
for Producing mold prototypes. Stated more specifically, the optical stereolithography of the present invention can be 
used for the production of models and processing models for precision parts, electric and electronic parts, furniture 
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construction structures, auto parts, containers, castings, metal molds and mother dies, parts tor optical products such 
as cameras, microscopes, telescopes, binoculars and optical measuring instruments that require light-shielding prop- 
erties and main body cases. Various three-dimensional objects which have high dimensional accuracy, good dimen- 
sional stability and light-shielding properties, give a massive impression and are colorful can be produced. 

5 The following examples are given to further illustrate the present invention. It is to be understood that the present 
invention is not limited to these examples. "Parts" in the following examples means parts by weight. In the following 
examples, the measurement. of cure depth for investigating the relationship between exposure energy and irradiation 
for curing at the time of optical stereolithography, the evaluation of the light-shielding properties of a three-dimensional 
object obtained finally in each example, and the measurement of the tensile strength and elastic modulus in tension of 

70 a three-dimensional object (test sample) were carried out as follows. 

Measurement of cure depth : 

The measurement of cure depth was carried out based on a theory described in "Rapid Prototyping & Manufactur- 
75 ing, Fundamentals of Stereo-Lithography" written by Paul F. Jacobs, Society of Manufacturing Engineers, 1992. The 
amount of exposure was controlled by changing the drawing speed to produce 6 to 10 kinds of stepped cured products. 
Each of the cured product was taken out from an uncured solution with tweezers and the uncured resin was removed 
to measure the thickness of a layer cured by each of five different amounts of exposure with constant-pressure calipers. 

20 Evaluation of light-shielding properties o f three-dimensional object: 

Using a spectrophotometer ("UV-210A" of Shimadzu Corp.), the absorbance of a three-dimensional object at a 
wavelength range of 400 to 550 nm in a thickness direction of the three-dimensional object was measured to evaluate 
the light-shielding properties of the three-dimensional object based on the absorbance. 

25 

Measurement of tensile strength and elastic modu lus in tension of three-dimensional object (test sample): 
Measured in accordance with JIS K71 13. 
30 Referential Example 1 [preparation of urethane acrylate photo-curable resin composition prior to addition of colorant] 

(1) 4,600 Parts of an addition product of bisphenol A with 4-mols of propylene glycol and 4,420 parts of isophorone 
diisocyanate were charged into a 20-liter four-necked flask equipped with a stirrer, temperature regulator, thermom- 
eter and condenser, and 2.6 parts of di-n-butyltin dilaurate was added to the flask at 40 to 50°C to carry out a reac- 

35 tion at the same temperature for 30 minutes. Then, the reaction temperature was raised to 80 to 90°C to continue 
the reaction for another 2 hours. Thereafter, 2,320 parts of 2-hydroxyethyl acrylate and 5.5 parts of hydroquinone 
monomethyl ether were added and a reaction was continued at the same temperature for another 2 hours to pro- 
duce urethane acrylate oligomer having a bisphenol A diol skeleton. 

(2) 1,320 Parts of the urethane acrylate oligomer obtained in (1) above, 1,080 parts of polyethylene glycol 200 dia- 
40 crylate f NK Ester A-200" of Shin Nakamura Chemical Co. Ltd.) and 480 parts of ethylene oxide-modified trimeth- 

ylol propane triacrylate ("A-TMPT-3EO" of Shin Nakamura Chemical Co. Ltd.) were charged into a 5-liter container, 
the container was deaerated under reduced pressure and substituted with nitrogen, and the content was mixed 
under stirring at a temperature of 50°C for about 1 hour. 

(3) 120 Parts of 2,2-dimethoxy-2-phenylacetophenone ("lrgacure-651" of Ciba-Qeigy Ltd: photo-radical polymeri- 
as zation initiator) was added to 2,880 parts of the mixture obtained in (2) above in an ultraviolet light-screened envi- 
ronment, and mixed under stirring at a temperature of 25°C (mixing and stirring time: about 6 hours) until it was 
completely dissolved to prepare a liquid urethane acrylate photo-curable resin composition. This resin composition 
was preserved at 25°C in an ultraviolet light-screened environment. 

so Referential Example 2 [preparation of epoxy photo-curable resin composition prior to addition of colorant] 

(1) 4,000 Parts of 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate, 1,000 parts of 1 ,4-butanedioi 
diglycidyl ether, 2,500 parts of 2,2-bis[4-(acryloxydiethoxy)phenylpropane] ("NK Ester A-BPE-4" of Shin Nakamura 
Chemical Co. Ltd) and 2,500 parts of ethylene oxide-modified trimethylolpropane triacrylate ("A-TMPT-3EO" of 

55 Shin Nakamura Chemical Co. Ltd) were charged to a 20-liter four-necked flask equipped with a stirrer, temperature 
regulator, thermometer and condenser and mixed under stirring at a temperature of 20 to 25°C for about 1 hour. 

(2) 60 Parts of 2,2-dimethoxy-2-phenylacetophenone ("lrgacure-65" of Ciba-Geigy Ltd: photo-radical polymeriza- 
tion initiator) and 45 parts of bis[4-(diphenylsulfonio)phenyl]sulfide bishexafluoroantimonate (photo-cationic polym- 
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erization initiator) were added to 3.000 parts of the mixture obtained in (1) above in an ultraviolet liqht-screened 

. Experimental Example 1 [measurement for relationship between cure depth and exposure energy] 

£^E~ < ?T. bh 2 f Carb ° n B ' aCk ^ ° f MitSUbishi Chemical was added to 1 00 parts of the 

l.qu.d uretoane acrylate photo-curable resin composition obtained in the above Referential Example vSrifuE 
m.xec I under st.mng al 25'C for about 1 hour until a uniform liquid was obta^ed. Thus. reS tnSnto 
three-dimensional object by optical stereolithography was produced composition for 

ShSH?iI?i[!S n COm P° si,ion for ^e-dimensionai object by optical stereolithography containing carbon black 
obtained in (1) above and a very high-speed optical shaping system ("SOLIFORM300" of Teijin SeiW CoLteft and 
irradiatn^ater-cooled Ar laser beams (output of 400 mW; wavelength of 354.365 nm; beam diaml^of 0 ?S 
l-quid surface oufput of 1 75 mW) having energies of 25, 50, 75. 100 and 125 mJ*nP*mi7Sl!2£2 
exposure energy, optical shaping was carried out for an average shaping time of 2 minutes for eachTyer Jal£ 
prtch (layer threes) of 0.2 mm. When the cure depth on each of exposure energies was measured to m£Z 



Table 1 



Exposure energy 
(mJ/cm 2 ) 


Cure depth(cured thick- 
ness) (jim) 


25 


180 


50 


480 


75 


600 


100 


700 


125 


800 



calJteri^ 

cal stereolithography (the resin composition for three-dimensional object by optical stereolithography incluS I in Te 
scope of the present invertion) of Experimental Example 1 which cental 

SJtaSSS^JTTl^ (Ur6thane aCry ' a1e e hoto - curabl * ™" composition, can be photo-curlS with a" 
preferred cure depth by the irradiation of optical energy even when it contains carbon black. 

Experimental Example? [measurement for relationship between cure depth and exposure energy] 

il^fnho^rfr!!! **** W ^ E *P eriment a' Sample 1 was added to 100 parts of the liquid 

epoxy photo-curable resin composition obtained in Referential Example 2 and fully stirred at 25°C for about V hour 

iXTp^ 

(2, Using the ^in imposition for optical stereolithographed object containing carbon black obtained in (1) above 
I a vLh^h'SS f*> 'I' 6 ' beamS (0UtPUt 0< 100 mW: WaVe,en * h * 3 * 5 "ni) of Kinmon Ele* ic SJSJ 

SSZtatfS ST J" STd^rT/^ 0 ^ 0 ™" 500 " ° f Teiji " SeiW Co - W irradiating with beanj 
or energies of 45, 68, 112. 157 and 201 mJ/cm 2 shown in Table 2 below as exposure energy optical shaoino wa* 

Z^nJL «ho Iff I T eXP ° SUre enerQieS was measured in accordance with the above method to 
ESZZ Jfounc f ' etW6en ° Ure d6P,h ^ eXP ° SUre ener9y ' the to,lowin 9 relati0 ^P shown in TaSe 2 
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Table 2 



Exposure energy 
(mJ/cm 2 ) 


Cure depth (cured thick- 
ness) (urn) 


45 


82 


68 


131 


112 


194 


157 


235 


201 


266 



15 It is understood from the results of the above Table 2 that that the resin composition for three-dimensional object 
by optical stereolithography (resin composition for three-dimensional object by optical stereolithography included in the 
scope of the present invention) of Experimental Example 2 which contains 0.28 part of carbon black based on 100 parts 
of a photo-curable resin composition (liquid epoxy photo-curable resin composition) can be photo-cured with a preferred 
cure depth by the irradiation of optical energy even when it contains carbon black. 

20 

Example 1 

(1) 0.28 part of the same carbon black as used in Experimental Example 1 was added to 100 parts of the liquid 
urethane acrylate photo-curable resin composition obtained in Referential Example 1 and fully stirred at 25°C for 

25 about 1 hour until a uniform liquid was obtained. Thus, a resin composition for three-dimensional object by optical 
stereolithography was produced. 

(2) Using the resin composition for three-dimensional object by optical stereolithography containing carbon black 
obtained in (1) above and the same very high-speed optical shaping system as used In (2) of Experimental Exam- 
ple 1 and irradiating with water-cooled Ar laser beam (output of 400 mW; wavelength of 354.365 nm) having an 

30 exposure energy of 50 mJ/cm 2 , a stereolithographed object [maximum size of X axis x Y axis x 2 axis (thickness) 
= 50.0 mm x 50.0 mm x 0.7 mm] was produced. This three-dimensional object (cured product) was taken out from 
the above optical shaping system, an uncured product adhered to the three-dimensional object was removed by 
washing with isopropyl alcohol, and the three-dimensional object was post-cured for 10 minutes using a 3KW ultra- 
violet lamp. The obtained three-dimensional object was measured for its light-shielding properties in the thickness 

35 direction in accordance with the above-described method and the results shown in Table 3 below were obtained. 

(3) A three-dimensional object (cured . product) corresponding to a dumbbell test sample 
[maximum size of X axis x Y axis x Z axis = 20.0 mm x 1 75.0 mm x 4.0 mm ] based on JIS K71 13 was produced 
in the same manner as in (2) above using the resin composition for three-dimensional object by optical stereolithog- 
raphy containing carbon black obtained in (1) above. The obtained three-dimensional object (test sample; cured 

40 product) was taken out from the above optical shaping system, an uncured product adhered to the three-dimen- 
sional object was removed by washing with isopropyl alcohol, and the three-dimensional object was post-cured for 
10 minutes using a 3KW ultraviolet lamp. The obtained three-dimensional object (test sample) was measured for 
its tensile strength and elastic modulus in tension in accordance with the above-described method and the results 
shown in Table 3 below were obtained. 

45 

Example 2 

(1) 0.21 part of the same carbon black as used in Experimental Example 1 was added to 100 parts of the liquid 
urethane acrylate photo-curable resin composition obtained in Referential Example 1 and fully stirred at 25°C for 

so about 1 hour until a uniform liquid was obtained. Thus, a resin composition for three-dimensional object by optical 
stereolithography was produced. 

(2) Using the resin composition for three-dimensional object by optical stereolithography containing carbon black 
obtained in (1) above, a three-dimensional object was optically shaped in the same manner as in (2) of Example 1 
and post-cured. The three-dimensional object after post-curing was measured for its light-shielding properties in 

55 the thickness direction and the results shown in Table 3 below were obtained. 

(3) Using the resin composition for three-dimensional object by optical stereolithography containing carbon black 
obtained in (1) above, a dumbbell test sample (three-dimensional object) was produced in the same manner as in 
(3) of Example 1 and post-cured. The three-dimensional object (test sample) after post-curing was measured for 
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Kn!!!f ne -?I!T. a r d el3StiC m ° dUlUS in tensi0n in accordance w»> *e above-described methods and the results 
snown in Table 3 below were obtained. 



Example 3 



11 ^ u, 53,116 Carb0n Uack as used in Ex Perimental Example 1 was added to 100 parts of the liquid 
epoxy photo-curable resin composition obtained in Referential Example 2 and fully stirred at 2S°C for about 1 hour 

ra^v^fpr^S ^ ° btained ' ThUS ' 3 r6Sin COmpOSition ,or three-dimensional object by optical stereolithog- 

2££? ■ 1h «» re ? n W T Sitto " for three - dimension a | obj^ by optical stereolrthography containing carbon black 
obtained in above a three-dimensional object was optically shaped in the same manner as in (2) of Example 1 
toSEZS i 6 thre ^ mensional ob i ect after Post-curing was measured for its light-shielding properties in 
the thickness direction and the results shown in Table 3 below were obtained 

SiJSf w,,™! COrnp ° Sit !° n for three - dimensiona ' object by optical stereolrthography containing carbon black 
obtained ,n ( 1) above, a dumbbell test sample (three-dimensional object) was produced in the same manner asln 
2 hT three-dimensional object (test sample) after post-curing was measured for 
its tensile strengfli and elastic modulus in tension in accordance with the above-described methods and the results 
shown in Table 3 below were obtained. 

Comparati ve Example 1 

(1) 0.02 part of the same carbon black as used in Experimental Example 1 was added to 100 parts of the liquid 
urethane acrylate photo-curable resin composition obtained in Referential Example 1 and fully stirred at 25°C for 

T 3 Unifo !T ,iqUid W3S ° btained ThUS - 3 resin position for three-dimensional object by optical 
stereolrthography was produced. H 

^I^M^f rompositio " ,or three-dimensional object by optical stereolrthography containing carbon black 
obtained in d) above a three-dimensional object was optically shaped in the same manner as in (2) of Example 1 

SSSZn i? threa - d ' menSi0nal ° biect after Paring was measured for its light-shielding properties in 
the thickness direction and the results shown in Table 3 below were obtained 

SLSi^r ^P? 3 "™ for three-dimensional object by optical stereolrthography containing carbon black 
SStaJltSJ 8 1 J T < three - dimensional ^iect) was produced in the same manner as in 

S M^m! ZSEZFi!? three - dimensional ob i ect (test sample) after post-curing was measured for 
its tensile strength and elaslc modulus ,n tension m accordance with the above-described methods and the results 
snown in Table 3 below were obtained. 

Comparative Example 2 

nlLh'I 0 ^ ° , * 1e u same carbon Uack as used in Experimental Example 1 was added to 100 parte of the liquid 
urethane acrylate photo-curable resin composition obtained in Referential Example 1 and fully stirred at 25°C for 

SUUT ™ a TT "I 5 made t0 Carry 0Ut 0ptica, sha P in 9 usino the resin composition for three-dimensional 
object by optical stereolrthography containing carbon black obtained in (1) above in the same manner as in (2 of 
7^T e ' corn ^ ion was not Photo-cured and stereolithography was impossible to conduct 
(3) When an attempt was made to produce a dumbbell test sample (three-dimensional object) using the optical 3- 
D forming resm composition containing carbon black obtained in (1 ) above in the same manner as in (3) of Example 
1, the composrt.on was not photo-cured and stereolithography was impossible to conduct, as shown in Table 3 
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Table 3 





Kind of Composi- 
tion 1) 


Amount of carbon 
black 2) (parts) 


Physical properties of three-dimensional object 








Light-shielding 

properties 
(absorbance) 


Tensile strength 
(kg/mm 2 ) 


Elastic modulus 
in tension 
(kg/mm 2 ) 


Ex. 1 


A 


0.28 


£95% 


4.5 


190 


Ex. 2 


A 


0.21 


§85% 


4.8 


201 


Ex. 3 


B 


0.28 


£95% 


5.3 


235 


Comp. Ex. 1 


A 


0.02 


§10% 


4.2 


192 


Comp. Ex. 2 


A 


0.70 


Not photo-cured and stereolithography impossible 


Ex. : Example, 

Comp.Ex. : Comparative Example 



1) Kind of photo-curable resin composition A: urethane acrylale liquid photo-curable resin composition obtained in Referen- 
tial Example 1 obtained in Referential Example 2 B: epoxy liquid photo- curable resin composition 

2) Amount of carbon black added is based on 100 parts of liquid photo-curable resin composition 



It is understood from the results of the above Table 3 that when optical shaping is carried out using the resin com- 
25 positions for three-dimensional object by optical stereolithography of Examples 1 to 3 containing carbon black in an 
amount ranging from 0.05 to 0.5 parts by weight based on 100 parts by weight of the photo-curable resin composition, 
three-dimensional objects having excellent light-shielding properties with high absorbance (low light transmission) and 
excellent mechanical properties can be obtained smoothly at a high optical shaping speed. 

In contrast, when the resin compositions for three-dimensional object by optical stereolithography of Comparative 
3D Example 1 containing 0.02 part by weight of carbon black based on 1 00 parts by weight of the photo-curable resin com- 
position, which is below the lower limit (0.05 % by weight) of the present invention, is used, optical shaping can be car- 
ried out smoothly but a three-dimensional object having light-shielding properties cannot be obtained. 

When the resin compositions for three-dimensional object by optical stereolithography of Comparative Example 2 
containing 0.70 part by weight of carbon black based on 100 parts by weight of the photo-curable resin composition, 
35 which is above the upper limit (0.5 % by weight) of the present invention, is used, photo-curing does not take place at 
a normal optical shaping speed and a three-dimensional object cannot be produced. 

Example 4 

. 40 1 ,425 Parts of urethane acrylate obtained in Referential Example 1 and 75 parts of carbon black (#5 of Mitsubishi 
Chemical Corporation) were charged into a porcelain ball mill and kneaded for 480 hours to obtain a masterbatch. A 
composition having the same composition as the compositions of Examples 1 and 2 was prepared using this master- 
batch. The physical properties of the obtained three-dimensional object were almost the same as those of Examples 1 
and 2. 

45 When optical stereolithography is carried out using the resin composition for three-dimensional object by optical 
stereolithography of the present invention, a colored optical three-dimensional object which has excellent mechanical 
and physical properties such as dimensional accuracy, shape stability, tensile strength and elastic modulus in tension 
as well as light-shielding properties, gives a massive impression and is colorful can be produced at a high optical shap- 
ing speed and in a good productivity. 

so The colored three-dimensional object by optical stereolithography obtained by the present invention can be used 
effectively for a wider range of application than before, utilizing the above excellent properties such as massive impres- 
sion, colorfulness and light-shielding properties! 

Claims 

55 

1 . A resin composition for three-dimensional object by optical stereolithography, which comprises a photopolymeriza- 
ble compound, a photopolymerization initiator and a colorant, the photopolymerization initiator being contained in 
an amount of 0.1 to 10 % by weight, the colorant in an amount of 0.05 to 0.5 % by weight and the photopolymeriz- 
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able compound In an amount of the balance, all based on the total weight of these components, and which is liquid 
at normal temperature. 

The resin composition of claim 1 , wherein the photopolymerizable compound is at least one member selected from 
the group consisting of acrylate compounds, urethane acrylate compounds, epoxy compounds, epoxy acrylate 
compounds and vinyi ether compounds. 

The resin composition of claim 1, wherein the photopolymerization initiator is at least one member selected from 
the group consisting of photo-radical polymerization initiators and photo-cationic polymerization initiators. 

The resin composition of claim 1 , wherein the colorant is an inorganic pigment. 

The resin composition of claim 4, wherein the inorganic pigment is carbon black having an average particle diam- 
eter of 200 to 1 ,00OA. 

The resin composition of claim 5, wherein the carbon black has a pH of 7 to 8. 

A three-dimensional object production method comprising irradiating the resin composition of claim 1 in a mold with 
light to cure it thereby to shape a three-dimensional object. 

A three-dimensional object obtained by the method of claim 7. 

Use of the resin composition of claim 1 to produce a three-dimensional object by an optical stereolithography. 
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